. (1976). Archives of Disease in Childhood, 51, 377. Calcium, phosphorus, and magnesium concentrations in plasma during first week of life and their relation to type of milk feed. Serial changes in plasma levels of calcium, phosphorus, magnesium, alkaline phosphatase, and total proteins have been investigated in 138 healthy, term Caucasian infants. Blood samples were obtained for each infant from cord blood and on day 1 and day 6. The infants were studied in three groups according to whether they were breast fed, received 'Ostermilk No. 1' or 'Cow and Gate V' formulas.
When considering the introduction of a 'humanized' cows' milk preparation for the routine feeding of the newborn at this hospital, it became apparent that there was a need to redefine normal values for various biochemical parameters. It was also considered important to establish whether the change in feeding would lead to a reduction in the incidence of neonatal tetany. This paper reports the results of this aspect of the trial.
The study was designed to assess changes in plasma calcium, inorganic phosphorus, magnesium, total protein, and alkaline phosphatase during the first 6 days of life in three groups of healthy term Received 29 August 1975. infants. The first comprised those fed on an adapted cows' milk preparation, Cow and Gate V Formula; the second group were fed Ostermilk No. 1; and the third group were breast-fed.
Methods
The trial was carried out at the Queen Mother's Hospital, Glasgow, between November 1973 and July 1974. A total of 138 Caucasian babies were studied. Infants were admitted to the trial only if cord blood was obtained at delivery and the plasma was separated within one hour. All had a gestational age of between 37 and 41 weeks, and the minimum acceptable birthweight was taken as 2500 g. All were singleton births. Babies requiring active resuscitation at birth were excluded as were any who later developed any problem other than tetany.
The milks were prepared in the hospital milk kitchen from the powder preparation according to the manufacturers' directions. The trial was conducted in one wing of the hospital and the type of milk given to any baby was determined by the month of admission (V Formula and Ostermilk No. 1 being used on altemate months) unless the mother wished to breast feed. Such mothers were helped in the usual way and breast-fed babies were admitted continuously throughout the course of the trial. Breast-fed babies were allowed complementary and supplementary feeds as was considered necessary by the nursing staff, but any who received >500 ml of cows' milk over the first 6 days of life were excluded from the trial.
From the age of about 12 hours when the first feed of dextrose water was given, babies were fed 4-hourly. Bottle-fed babies were offered 30 ml of milk at each feed on the first day, 60 ml on the second, 90 ml on the third, and by the fourth day they were being offered 120 ml at each feed. The total volume of milk taken was recorded, as was the infant's weight on day 6. Random samples of V Formula milk and Ostermilk No. 1 were taken and analysed (Table I ). The calcium and phosphorus content of transitional human milk is taken from Barltrop and Hillier (1974a) . Ca/P ratio 1*3 1*4 2*0±0*5
Three blood samples were obtained from each subject. Cord blood was taken at birth and on day 1 (12-36 hours of age) and day 6, 2 ml of blood were taken by heel prick into lithium-beparin and flouride tubes. Blood samples were taken in the hour preceding a feed. The heparinized plasma was separated within one hour and any sample in which there was more than minimal haemolysis was rejected. Parental permission for inclusion in the study was obtained in all cases.
Determination of plasma calcium, phosphorus, and protein was accomplished using an SMA 12 Micro AutoAnalyser as described by Logan and Tweedie (1973) . Plasma magnesium was determined by atomic absorption spectrophotometry according to the method of Stewart, Hutchinson, and Fleming (1963) , and blood glucose was measured using a Beckmaa glucose analyser. Plasma alkaline phosphatase was estimated in KingArmstrong units by an automated method yielding results indistinguishable from the manual procedure of Kind and King (1954 (P >0 20) , but by day 6 the concentration in the group fed Ostermilk No. 1 was higher than in that fed V Formula (P <0.01).
Cord blood. The mean values of plasma calcium, inorganic phosphorus, and magnesium in cord blood did not differ significantly among the three groups (P >020). Table IV gives the mean levels, standard deviations, and ranges for plasma calcium, phosphorus, and magnesium in cord blood according to feeding regimen. Day 1. There was also no significant difference (P >0 20) between the mean plasma levels of in either of the artificially fed groups (P < <0 01).
The mean value for calcium did not differ significantly between the two artificially fed groups of infants (P >0 20). Plasma phosphorus concentrations were lowest in the breast-fed group, and the mean value was lower than that found in either of the artificially-fed groups (P < <0 01). The mean plasma phosphorus concentration in the infants fed V Formula was lower than that in the group receiving Ostermilk No. 1 (P <0 01). Plasma magnesium concentrations were highest in the breast-fed infants. The mean value was higher than that of the infants fed Ostermilk No. 1 (P < 0 * 01) but was not greater than the mean magnesium result in the V Formula group (0-20 > P >0-10). Though the mean value in the V Formula group was higher than that of the Ostermilk No. 1 group, this difference was not significant (0 20 > P >0 10).
Paired day 1 and day 6 data. The changes in plasma calcium in individual infants which occurred between day 1 and day 6 are shown in Fig. 4 
+1-6-+14
12- The changes in plasma phosphorus levels between day 1 and day 6 are shown in Fig. 6 . An Sr increase in plasma phosphorus occurred in 26 of the 41 babies who were breast fed. The mean increment was 0-2 mg/100 ml. Virtually all the artificially-fed babies experienced a rise in plasma phosphorus during this time, a fall occurring in only 2 infants from each group. The mean increment in plasma phosphorus was 1 7 mg/100 ml in the V Formula group and 2 2 mg/100 ml in the Ostermilk No. 1 group. The changes in plasma magnesium concentration from day 1 to day 6 are shown in Fig. 7 . There was an increase in magnesium values in the majority (23 out of 30) of breast-fed babies. The mean increment was 0a 18 mEq/l. Only 8 of 24 infants receiving V Formula milk showed an increase in magnesium over this period and the largest fall in magnesium in any baby occurred in this group. The magnesium concentration in this baby fell 0 * 85 mEq/l from day 1 to day 6, and on day 6 the magnesium level was 0 -9 mEq/l calcium 3 -5 mEq/l, and phosphorus 8*7 mg/100 ml.
The baby was asymptomatic. The mean fall in magnesium in the V Formula group was 0 03 mEq/l and 0 -08 mEq/l in the Ostermilk No. 1 group.
Discussion
An important factor in the pathogenesis of neonatal tetany is considered to be the high phosphorus intake of artifically-fed infants (Gardner, 1953; Snodgrass et al., 1973) . Because of this it has been recommended that all cow's milk pro- ducts for infant feeding should be partially demineralized (Oppe and Redstone, 1968) . In addition to the phosphorus content, the calcium/ phosphorus ratio of milk foods may also be of importance (Barltrop and Oppe, 1970) . In common with similar adapted milk food preparations, Cow and Gate V Formula has reduced levels of both calcium and phosphorus but has a calcium/ phosphorus ratio similar to that of unadapted cows' milk considerably below that of breast milk (Table  I ). V Formula also differs from Ostermilk No. 1 in having most of the butterfat replaced by vegetable oils. This adjustment to the fatty acid structure of the milk can be expected to improve the absorption of the fat (Southgate et at., 1969) , but whether this results in an improved absorption of calcium is not clear (Snodgrass et al., 1973; Southgate et al., 1969; Barltrop and Oppe, 1973) . The three groups of infants had similar cord blood levels of calcium, phosphorus, magnesium, alkaline phosphatase, and total proteins, and these levels did not differ significantly between the groups at 12-36 hours of age. The fall in plasma calcium between birth and one day of age which has previously been reported (Snodgrass et al., 1973; Acharya and Payne, 1965) was confirmed, but this was not invariable. A rise in plasma calcium during this interval occurred in 3 infants, the maximum rise being 0 * 5 mEq/l.
By day 6 the concentration of calcium was higher and of phosphorus significantly lower in the breast-fed infants when compared with either of the two groups of artificially-fed infants. These findings are similar to those of Barltrop and Hillier (1974b) Despite this absence of any significant difference between the mean day 6 plasma calcium levels of the two artificially-fed groups of infants, the only case of tetany occurred in a baby receiving the high solute milk. Also on defining the lower limit of normal for plasma calcium as 3 SD below the mean of the breast-fed group (3 85 mEq/l), it is found that one infant (2 * 8%) of the V Formula group and 10 infants (18 2%) of the Ostermilk group had calcium levels below this. One infant of the breastfed group had a day 6 calcium level of 3 *80 mEq/l. If the upper limit of normal for plasma phosphorus is defined in a similar way (mean breast fed+3 SD), 27 infants of the Ostermilk group (49%) had phosphorus levels above this level of 8 60 mg/100 ml on day 6, and 9 infants (25%) of the V Formula group. No infants had a day 6 magnesium level which was lower than the mean of the breast fed group by more than 3 SDs.
If the plasma calcium levels of individual infants on day 6 are considered ( Fig. 1) it is apparent that many of the artificially-fed infants did have plasma calcium levels similar to those of the breast-fed babies. This invokes the question as to whether those infants who subsequently become hypocalcaemic when fed with a high solute milk differ at birth or on the first day from those infants who do not subsequently become hypocalcaemic. The cord blood and day 1 results of the Ostermilk group were divided into two groups according to whether hypocalcaemia subsequently developed (mean breast fed-3 SD). The mean calcium phosphorus, and alkaline phosphatase levels of these two groups so formed did not differ significantly. This agrees with the work of Watney et al. (1971) .
However, analysis of the changes in plasma calcium which occurred between days 1 and 6 showed the general relation between calcium levels on day 1 and day 6 which has been reported previously by Snodgrass et al. (1973) . When the three feeding regimens are considered separately, it is found that the gradient of the regression line obtained for Ostermilk suggests that those infants with low values on day 1 tended to show a fall in calcium level by day 6, whereas those with higher values on day 1 may actually show an increase in calcium by day 6. This relation was not found to hold for the V Formula and breast-fed groups. It is recognized that with the individual plasma calcium values being grouped within quite narrow limits, the gradient of the line could be altered without much change in the correlation coefficient.
While our results do not provide conclusive evidence that the incidence of neonatal tetany will be reduced by the use of adapted cow's milk preparations for infant feeding, they do suggest that this desired effect will occur with the use of such milks.
The lower plasma phosphorus levels of the infants receiving the adapted milk along with the lower incidence of hypocalcaemia are of particular significance. 
